Giant cell tumour (GCT) is a benign aggressive tumour, which affects the axial and peripheral skeleton. Pathological fractures often occur in cases where epiphyses are affected. GCT located in the cervical spine is rare and poses a serious surgical challenge and as far as approach and range of operation is concerned, is subject of debate. We report a case of GCT involving two vertebral bodies, C2 and C3, treated with posterior occipito-cervical junction stabilization, denosumab chemotherapy and transoral corpectomy.
INTRODUCTION
Giant cell tumour (GCT) of the spine is a rare entity and in the literature has been known as a benign aggressive tumour. It can affect mobile as well as rigid segments of the spine. in the mobile segment of spine the incidence of GCT is estimated to be 1.4-9.4% [1] , with a slightly higher incidence among women. Most typically, the tumour occurs in the 3 rd or 4 th decade of life. 3% of patients with bone GCT of bones have metastases, most often to the lung [2] . The neoplasm affects the vertebral body, but can also affect posterior elements. Treatment of GCT consists in intralesional excision, en bloc spondylectomy, embolization, pharmacological management with denosumab and bisphosphonates.
CASE REPORT
In September 2014, the patient, a 25-year-old male, sought help from a general practitioner because of neck pain which he associated with a sprain due to work overload as a waiter in air-conditioned rooms. The physician initiated treatment with ointment, then a series of 5 analgetic injections, and finally physical therapy. Because of lack of improvement, increasing difficulties in holding his head upright, the patient was referred to a neurologist. Cervical spine X-ray was performed, in which the radiologist observed a decreased height in the height of the C2/C3 intervertebral space. No pathological mass was visualized. During closer inspection, the missing anterio-inferior contour of the C2 vertebral body was observed, suggesting what turned out to be a tumourrelated erosion of a part of C2.
By the time the patient underwent MRI examination in December 2014, he had to wear an orthopedic collar and took 100mg of Tramadol 3 times a day for pain relief. The cervical spine MRI revealed a pathological mass of high contrast uptake, originating from the vertebral body and arch of C2, and measuring 30×41×33mm. The mass protruded into the retropharyngeal space as well as spinal canal.
The patient was referred to a neurosurgeon who qualyfied the patient for an operation for posterior occipito-cervical stabilization, C1 and C2 laminectomy, and biopsy of the tumour. The surgery was performed in January 2015. A C0-C3-C4 posterior stabilization was chosen, 2 titanium rods were fixed with screws to the occipital bone and lateral masses of C3 and C4 cervical vertebrae. The patient stated complete resolution of his pain. Negative consequence of the surgery was limited to range of neck mobility and difficulties in opening the mouth widely. The biopsy analysis identified a giant cell bone tumour.
Beginning in March 2015, the patient was treated with 6 Denosumab injections, delivered at one-month intervals. The control MRI showed no signs of remission or progression of the tumour.
In December 2015, the patient was admitted to the Neurosurgery Department to undergo an anterior transoral transpharyngeal resection of the tumour. The surgical approach turned out to be impossible due to the limited opening of the mouth.
In February 2016, the patient was readmitted and consented to the neurosurgeon's plan to perform the resection through a mandibulotomy, with the support of an ENT-surgeon. During the surgery, sufficient opening of the mouth was obtained and the mandible was spared. The patient was intubated through the nose. A linear incision of the posterior pharyngeal wall was made, visualizing C1, C2 and the superior aspect of C3. The anterior arch of the atlas and C2 vertebral body with the dens were resected with a drill and Kerrison rongeur. The bone appeared to be healthy. The lower portion of C2, the C2/C3 intervertebral space and C3 vertebral body were infiltrated with the tumour -the tissue was soft, grayish, and bled when removed with a punch forceps. A 40mm cage was implanted between the clivus and the remainder of the C3 vertebral body.
After the surgery, the patient left the operating room intubated to ensure patent airways in case of swelling of the operated area. On the second post-operative day, the patient was extubated and showed no difficulties while breathing. However, he remained on enteral nutrition administered through the nosogastric tube for another 3 days. The patient's overall state quickly improved and patient was discharged from hospital on the 10 th post-operative day. He had no pain in the neck, the postoperative wound was healing well, difficulties in swallowing were gradually improving. 
DISCUSSION
First described in 1818 by Cooper [1] , Giant-cell tumour (GCT) is a rare neoplasm of the bone, representing 5% of all primary bone tumours [2] and 20% of benign bone tumours [3] . Patients are usually diagnosed with giant cell tumour in the third or fourth decade of life and more frequently among women [4] . Histologically the tumour is characterized by proliferation of mononuclear stromal cells and abundant multi-nucleated giant osteoclast-like cells evenly distributed within the tumour tissue. They arise form an osteoclastmonocyte lineage, characterized by CD68 marker expression [5] . Malignant transformation occurs in 1 -9% of cases [6, 7, 8, 9] . GCTs tend to grow slowly, but local recurrence has been reported to be as high as 50% [10] . Distant metastasis of GCT is reported to be around 2 -9%, predominantly into the lung [11] .
Radiologically GCT may resemble aneurysmal bone cyst, brown tumour of hyperparathyroidism, osteoid osetoma or plasmocytoma; therefore, a careful differential diagnosis is necessary [6, 12] .
Surgical treatment may be primarily radical (wide resection) or may consist in intralesional curettage. The former approach eliminates the possibility of recurrence, but can impair the function of the affected organ and necessitate reconstruction. In a study presented by Seon Chun et al, gross total resection proved to be the best surgical protocol with no recurrence in follow-up, as opposed to subtotal removal with recurrence rate of 54% (average recurrence free period -14 months) [13] .
Although radiotherapy is sometimes used as alternative or complementary treatment, some authors suggest that it is ineffective or could cause malignant transformation of giant cell tumour [4, 14, 15] . Other possible adjuvant therapies include: cryotherapy, pre-operative embolization, bone cement injections, biphosphonates and denosumab. Although, not extensively documented, the application of these methods has shown some encouraging results [16, 17, 18, 5] .
Giant cell tumour occurs most typically (90% of cases) in peri-articular epiphyseal locations of the long bones, in decreasing order: the distal femur, the proximal tibia, the distal radius, and the sacrum [15] . According to a study performed by the Mayo Clinic (Rochester, Minnesota, USA), up to 6.5% of GCTs develop in the spine and account for 7-10% of primary spinal tumours, the sacral bone being the site most often affected area [19] . The upper cervical spine is a very rare location for this neoplasm, reported to be less than 1% of GCT cases [20, 21, 9, 22] .
CONCLUSIONS
For GCT in the upper cervical spine region, a submandibular retropharyngeal approach is recommended for optimal exposure of the anterior cervical spine, from the craniovertebral junction up to C4. On the other hand, the transoral approach is suitable for biopsy and limited excisions of the lesion. An injury of the ninth and tenth cranial nerves and of the pharynx may occur, especially in the previous surgical approach, causing transient deglutition impairment [23] .
